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Abstract 

Measurements of two-particle correlations of inclusive and identified charged 
T— I particles performed with the ALICE detector in Pb-Pb collisions at ^/sNN= 

2.76 TeV are presented. The near-side jet shape is analyzed in the low re- 
gions (1 < pt < 8 GeV/c). While the RMS of the peak in A(/?-direction is 
O independent of centrality within uncertainties, we find significant broadening 

in Ary-direction from peripheral to central collisions. The near-side p/ir ratio 
of particles associated to a trigger particle from jet fragmentation in the cen- 
CN tral Pb-Pb collisions is consistent with vacuum fragmentation in the measured 

^ momentum region (1.5 < pT < 4.5 GeV/c). 

X 

73 1 Introduction 

, In-medium modification of jet fragmentation functions (FF) in heavy ion collisions is 

thought to be a direct manifestation of the parton energy loss in the medium [H, |21 
^ El in E] ■ Despite of the large parton energy loss signaled by the suppression of high 

CN transverse momentum hadrons [6] and the substantial imbalance of the jet transverse 

^ energies in di-jet events it has been found that jet FF in Pb-Pb collisions are 

\0 quite similar to the ones measured in pp collisions [8]. However there are several 

caveats in this analysis [H] that should be mentioned, a quite high momentum cut 
(4 GeV/c) is imposed on the input particles for the jet reconstruction and a rather 
small cone size (R=0.3) is used. For 4 GeV/c hadrons from the model prediction 
one expects only 20-30% modification in the yield for a 100 GeV jet. Also note that 
the statistical and systematical errors on the results are of similar magnitude as the 
expected modification. 

Since the radiated energy may result in low px particles emitted at large angles 
w.r.t the jet-axis [7] and the coupling to the longitudinally flowing medium [9j will lead 
to broadening that is larger in At] than in A(p, the motivation for the present analysis 
in ALICE is to extend the jet shape studies into low pt particles (px < 8 GeV/c) 
in large Arj region (wide angular range w.r.t the jet-axis). Furthermore, identified 
particle ratios associated with the jet and those from the bulk are measured in order 
to study the jet hadrochemistry [10] as well as to test coalescence or recombination 
mechanism pTl [T2l 113] . 
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2 Detectors and Data Samples 



A description of the ALICE detector and its performance can be found in [13]. In this 
analysis, the following detector subsystems were used: the Time Projection Cham- 
ber (TPC) [15], the Inner Tracking System (ITS), two forward scintillator arrays 
(VZERO) and the Time-Of- Flight array (TOF) [16]. The TPC is the main tracking 
detector, providing full azimuthal coverage in the pseudo-rapidity range |?7| < 1.0. 
The VZERO detectors cover the pseudo-rapidity ranges —3.7 < rj < —1.7 and 
2.8 < 7] < 5.1. They are used to determine the centrality in Pb-Pb collisions. For 
particle identification (PID) the specific energy loss measured in the TPC as well as 
the time of flight measured by the TOF system are used. About 15 million minimum- 
bias Pb-Pb events at i/s^vw = 2.76 TeV and 55 million pp events at ^/s = 2.76 TeV 
are analyzed. 



3 Two Particle Correlations 

The per trigger yield of associated hadrons is measured as a function of the azimuthal 
angle difference Aip = (ptrig — ^Passoc and pseudo-rapidity difference Arj = rjtrig — Vassoc 



^^assoc 



Ntrig dAifdArj 



PT,trigg, PT,assoc, centraUty (1) 



where Nassoc is the number of particles associated to the given number of trigger par- 
ticles Ntrig- This quantity is measured for different ranges of trigger and associated 
particle transverse momentum in various centrality bins. The measured distributions 
are corrected with mixed events to correct for two-track acceptance in bins of central- 
ity and vertex position, where the different z vertex bins are combined by calculating 
a weighted average as described in the following equations. First we measure the per 
trigger yield of associated hadrons in different z vertex bin ( Eq. ([2])) and weight it 
by the number of triggers in z bin and calculated the weighted average ( Eq. Q). 
The normalization for the mixed events is chosen to be 1 where Aip and Arj is zero 
( Eq. (|3|). Also this per trigger yield of associated hadrons are corrected for tracking 
efficiency and contamination. 



dA^dAv ^"^^ ~ Nt„g{z) N^^'^iA^, Av, z) ^^'> 

/3(^) = iV— '(A¥' = 0,Ar/ = 0,^) (3) 
d'^N 1 d^ N"""-"^ 
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4 Results 

4.1 Near Side Peak Shapes 




Figure 1: Per trigger yield of associated hadrons before (a) and after (b) ry-gap sub- 
traction. The middle panel shows the projection of the per trigger yield of associated 
hadrons (a) to Ay9 in |A?7| < 1 (black) and IA77I > 1 (red). 

The near side jet shapes are studied in low momentum ranges of trigger and as- 
sociated particles. Fig. [l](a) shows a two dimensional "per trigger yield of associated 
hadrons" in Aip and A?7 space in central (0-10%) Pb-Pb collisions. The trigger par- 
ticle momentum is from 4 to 8 GeV/c and associated particle transverse momentum 
from 1 to 2 GeV/c. We have estimated the background yields from A?7-independent 
sources such as flow in the region of |A?7| > 1. The middle panel in Fig. [l] shows 
the 1-dimensional projection of Fig. [l|^a), where the flow background, long range 
correlation |A?7| > 1 (normalized by the acceptance), is shown in red and the mix 
of short and long range correlation in black (|A?7| < 1). In the near side, we see a 
clear excess of correlated jet signal above the background. Once we subtract the long 
range correlation from the region |A?7| < 1, we obtain the final Fig. [ij^b) where we 
see a clear jet peak. We repeat this procedure in different trigger, associated particle 
momentum bins as well as various centrality bins. The results are shown in Fig. |2j 
Peripheral and pp look similar and we observe wider distribution in central collisions 
as compared with the peripheral and pp collisions. 

4.2 Jet Shape Characterization 

The jet shape is quantified with RMS and excess kurtosis which is a measure of its 
peakedness. The near side peak was fitted with a sum of two 2 dimensional gaussians. 
The obtained results, ua,? and (Tai^ are shown in Fig. [3] as a function of centrality for 
various trigger and associated particle momentum bins. The last data point in the 
centrality axis corresponds to the result extracted from pp collisions. 
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0-10% 60-70% pp 




Figure 2: Evolution of the per trigger yield of associated hadrons for two different 
trigger and associate particle momentum ranges in central, peripheral and pp colli- 
sions. Trigger and associated particle momentum range and centrality selection is 
shown on the figure, pp data is on the right panel. 
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(a) cTAip (b) aAn 

Figure 3: Centrahty dependence of cta^ (left) and a^r] (right) for three different bins 
of PT,trigg and PT,assoc- The lines are extracted from AMPT [TTl US] (A MultiPhase 
Transport Code; version 2.25 with string melting in PbPb) and Pythia [19] simulations 

(pp)- 



4 




Figure 4: Centrality dependence of the kurtosis in Ayj (left) and Arj (right) for three 
different bins in PT,trigg and px.assoc- The hnes represent AMPT calculation [TTl [18] 
for the Pb-Pb collisions and Pythia [19] simulations for pp. 



As expected, a^ri and a/^^ in higher bins are smaller than low p^ bins since the 
jet is more collimated. But while we do not see any significant centrality dependence 
of (TAip, we observe a significant increase of a/^n towards central events for every 
particle momentum bin shown in this figure. For the lowest bins, the eccentricity 
((ctaj) — crA93)/(c"Ar; + ctai^)) is about 0.2. The evolution from peripheral to pp is 
smooth. Fig. |4] shows the excess kurtosis in same trigger and associated particle 
momentum bins as a function of centrality. A clear dependence of the excess 
kurtosis is seen and it increases with px- The excess kurtosis decreases from pp to 
peripheral and central events. The RMS and excess kurtosis of the near-side peak 
are well reproduced by the AMPT model [T71 [18] shown in lines both in Fig. [s] and 
Fig.i 

In the lowest bin shown in Fig. |5] ( 2 < px,trigg < 3, 1 < px,assoc < 2 GeV/c) in 
0-10% central collisions, one sees a structure with a flat top in Ar/ while this is not 
seen in Ay?. This is a surprising result which might be explained by the interplay of 
jets with the flowing bulk P [13 HE]. 



4.3 p/t: Ratio in Bulk and Jet Region 

Baryon over meson ratios differ significantly between heavy ion and pp collisions 
which might be attributed to radial flow and coalescence or recombination mecha- 
nism [m [121 US]- Few years back, S. Sapeta, U.A Wiedemann have studied the jet 
fragmentation in heavy ion collisions for various particle species [TD]. They show 
that medium-modification of the parton shower can result in significant changes in 
jet hadro chemistry [10], e.g, strong enhancement of proton compared to pion yield in 
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(a) 7] — gap subtracted (b) Ary, Acp projection 



Figure 5: Per trigger yield of associated hadrons in A(p and Arj in 0-10% central 
collisions for 2 < px.trigg < 3 and 1 < px.assoc < 2 GeV/c. 

the medium is expected from this model. ALICE has utilized the correlation method 
to measure the p/n ratio in Pb-Pb collisions where this ratio is measured both in the 
jet region and bulk region separately. 

In this analysis, 5 to 10 GeV/c charged hadrons are used as the trigger particles. 
The associated particles are identified as vr or proton in the momentum range from 
1.5 to 4.5 GeV/c. Combined particle identification with specific energy loss in the 
TPC and time of flight in the TOF was used. Fig. |6] (left panel) shows the two 
dimensional Aip and Ar] per trigger yield of associated hadrons for associated particle 
momentum range from 2.0 to 2.5 GeV/c. Jet (peak) region is chosen in the range, 
—0.4 < At] < 0.4, —0.52 < A(f < 0.52 in radian and bulk region is selected in long 
range correlation dominated region as discussed in the previous section. For those 
associated particles in the selected regions, the PID method is applied to get the 
yields of each species. These yields are corrected for tracking and PID efficiency. No 
correction for feeddown from e.g. A decay has been applied. Once the yields are 
obtained both in the jet region and the bulk region, the yields for each species in the 
bulk region is subtracted from yields of the jet region to get final yields originating 
only from jets. The normalization factor for the jet region from the bulk region is 
given by the acceptance difference between the jet and bulk region. 

The resulting p/n ratio in the bulk region in 0-10% central collisions is shown 
in Fig. |6] on the right panel. It exhibits strong enhancement of protons for higher 
Pt and it is consistent with the inclusive measurement [2^. However, the ratio in 
the jet region is much smaller than in the bulk region. While we do not have the 
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Figure 6: Left panel: Jet and bulk regions. Right panel: p/tt ratio in the bulk 
(squares) and peak-bulk (circles) regions compared to the PYTHIA (line) 

same result in pp collisions yet, the ratio in jet region is compared with PYTHIA 
(pythia6.4) [T9] for pp collisions. Both results agree within the errors. This indicates 
no significant change of near side jet hadrochemistry in the central Pb-Pb collisions 
in the measured momentum region (1.5 to 4.5 GeV/c). 

5 Summary 

Two-particle correlations have been used to quantify the signatures of the modified 
jet fragmention in the medium in the low px regions (1 < px < 8 GeV/c) in Pb-Pb 
collisions at ^/sn^= 2.76 TeV. While the RMS of the near-side peak in Ayj-direction 
is independent of centrality within uncertainties, we find significant broadening in 
Ar^-direction from peripheral to central collisions. The RMS and excess kurtosis of 
the near-side peak are well reproduced by the AMPT model, which might explain the 
interplay of jets with the flowing bulk [l7l [18]. The near-side p/vr ratio of particles 
from jets in central Pb-Pb collisions is similar as that of PYTHIA (TH]. This indicates 
no significant change of near side jet hadrochemistry in the central 0-10% Pb-Pb 
collisions compared with pp collisions in the measured momentum region (1.5 < < 
4.5 GeV/c). 
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